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Introduction

The interphotoreceptor
space (IPS) of the
ve rt ebra t e retina
is the adul t corollary
of th e
lumen wi thin the embryonic op tic vesicle.
The
inner limit of the IP S is formed by the intercell ul ar junctions
of Muller cells and phot oreceptors
forming the external
limiting
membrane (ELM). The apical s urf ace of the
retinal
pigment epithelium
(RPE) is the out er
li mit of th e IPS. Most of the volume of the
IPS is occupied by the inner and out er segments
of the pho t orecep tor s, with th e microvillous
processes
of th e RPE, and th e smal l microvilli
of the Muller cells filling
lesser por t ions .
SEM of samples fixed in glutaraldehyde
cont aining
0. 5% ruth enium red show th e int ersti t ial spaces
are filled
with interphotoreceptor
mat rix (1PM).
Biochemical st udie s and our enzyme diges ti on
studies
sugges t thi s ex t racellular
mat erial is
enriched in glycopro t eins a nd glycosaminoglycans.
The carbohydra tes are t wo-th irds sulfa t ed, 25%
sialic
acid enriched , and about 10% hyaluronic
acid.
Most of the IP M proteins
ca n be i dentified
as products of a djacent cells.

The interphotoreceptor
space (IPS) of the
vertebrate
retina represents
the lumen of the
embryonic optic vesicle
(Braekevelt
and
Hollenberg,
1970; Feeney, 1973a; Olson, 1979;
Galbavy and Olson, 1979; Hilfer,
1983).
The
limits of the IPS are established
early by the
intercellular
junctions
of the developing neural
retina and the retinal
pigment epithelium
(RPE). In the adult,
the external
limiting
membrane (ELM) constitutes
the inner limit,
while the outer limit is defined by the apical
surface of the RPE. Major entities
in the IPS
are the inner and outer segments of the
photoreceptors,
which extend through the ELM,
along with the mi c r ov ill ous projections
of the
Muller cells enclosing the bases of the inner
segments.
The distal
ends of the outer segments
may abut directly
on the main cytoplasmic
mass
of the RPE or they may relate
to the multitude
of membranous projections
of the apical RPE
surface.
Filling
the interstitial
spaces among
these various formed elements is the
interphotoreceptor
matrix (1PM).
The primary vascular support of the outer
retina is derived from the choriocapillaris,
the
terminal capillary
plexus of the choroidal
circulation
(Hogan et al.,
1971).
Nutrients
as
well as waste products must pass through the IPM
en route to or from the choriocapillaris.
The
matrix composition should reflect
the metabolic
events of the photoreceptors,
the support
functions
of the RPE and possibly of the Muller
cells.
The dominant activity
of the
photoreceptor
elements is light transduction,
supported by the continuing
synthesis
of new
outer segment disk membranes as well as
synthesis
and regeneration
of visual pigment.
The inner segment is the site of this synthetic
activity,
with new disk membranes being added at
the base of the outer segment.
In a carefully
regulated
process,
packets of disk membranes are
shed from the distal
ends of the outer segments
and the shed packets are phagocytized
by the RPE
(Bok and Young ,1979).
Analyses of the constituents
of the IPM
have proceeded episodically.
Earlier
histochemical
observations
(Sidman and Wislocki,
1954; Sidman, 1958; Zimmerman and Eastham, 1959)
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describe the IPM as an element of the outer
retina and as being rich in acid
mucopolysaccharides;
more recent studies
(Adler
and Klucznik,
1982) indicate
there is about 2%
glycosaminoglycans
and almost fifty times more
protein.
Most of the matrix proteins are
identified
as derivatives
of either RPE or
photoreceptor
materials
(Adler and Severin,
1981b; Lai et al.,
1982).
One exception is a 140
kilodalton
interphotoreceptor
retinol
binding
protein (Adler and Evans, 1983), presumably
involved in transport
of retinol
from the RPE to
the photoreceptors.
We will review the limits
and the configuration
of the IPS and the relation
of the IPM to the cell elements within or
bordering on the IPS.
Methods
Scanning Electron Microscopy
Observations
on IPM reported here were made
on retinae
from pithed adult frogs (Rana
pipiens).
Frogs have a relatively
abundant IPM
compared to the paucity of material
in rodents.
Eyes were enucleated,
opened along the equator,
the anterior
portion with lens and vitreous
was
removed and the posterior
eye cup became the
basis for subsequent handling and preparation.
Retinal tissues
were routinely
fixed in 2.5%
glutaraldehyde
in 0.1M cacodylate
buffer,
pH 7.4,
or in 2.0% glutaraldehyde
in 0.1M cacodylate
containing
0.5% ruthenium red (RR). Samples were
rinsed and post-fixed
in 1% osmium tetroxide;
when RR was used it was also present in the rinse
and in the osmium tetroxide.
Following
dehydration
in graded ethanols samples were
fractured,
critical-point
dried and sputtercoated.
Enzyme digestions
were done with fresh
tissue,
incubations
were with 1 mg/ml of enzyme
for 1 hr at room temperature.
Visualization
of the apical surface of RPE
was achieved with an explant preparation
of
albino rat retina (Philp and Bernstein,
1981). A
4mmskin biopsy punch is used to obtain a ci rcl e
of retinal
tissue;
a 4 mm circle of Nucleopore
filter
is laid over the vitreal
surface of the
retina then gently lifted
to remove the neural
retina,
leaving the exposed apical surface of
RPE. This preparation
is then fixed, dehydrated
and critical-point
dried for examination for SEM.
Transmission
electron
microscopy
Most of the morphological
observations
on
the IPS have been derived from albino rat tissues
that have been routinely
prepared with
glutaraldehyde
and osmium tetroxide
fixation,
ethanol dehydration
and embedment in epoxy resin
for thin sectioning.
The interphotoreceptor

1
Fig. 1: Diagram showing the distribution
of
interphotoreceptor
matrix (IPM) within the limits
of the interphotoreceptor
space.
The matrix is
stippled,
and the interval
between photoreceptors
has been exaggerated.
The interphotoreceptor
space is defined by the intercellular
junctions
(JC) of the external
limiting
membrane and the
apical surface of the RPE. The basal surface of
the RPE is marked by basal infoldings
(BI) and
rests on Bruch's membrane (BM). As shown, the
IPM is in contact with the microvilli
(MV) of the
RPE, rod photoreceptor
outer segments (ROS),
connecting cilium (C) and inner segments (RIS),
and the microvilli
of the Muller cells (MC). The
diagram also shows the distance between the
nuclei (N) of the photoreceptors
and the RPE, as
well as the distribution
of mitochondria
(M) and
Golgi membranes (G) in both cells.
two cell types participate
in the formation of
encircling
junctional
structures
which appear
early in development and form the inner limit of
the embryonic optic vesicle and subsequently
the
outer aspect of the neural retina.
These
intercellular
junctions
of the ELM (Fig. 3)
provide a base above which first
the inner
segments then the outer segments of the
photoreceptors
project and differentiate
(Braekevelt
and Hollenberg,
1970; Feeney, 1973a;
Olson, 1979; Galbavy and Olson, 1979). The
microvilli
of the Muller cells extend beyond the
ELM, surround the bases of the inner segments,
and end in contact with the IPM. The
intercellular
junctions
of the ELMare displayed
to better advantage in horizontal
sections
(Fig.
4) where the isolation
of the photoreceptors
by
the enveloping Muller cells can be seen.
The outer limit of the IPS is set by the
apical margin of the RPE, a single layer of
cuboidal cells with junctional
complexes (Fig. 1)
at their apicolateral
margins (Hudspeth and Yee,
1973). For a direct approach to visualizing
the
apical surface of the RPE, we have taken
advantage of an explant preparation
developed in
this laboratory
(Philp and Bernstein,
1981) for

space

The extent of the interphotoreceptor
space
is shown in Figures 1 and 2. In the diagram
(Fig. 1) the IPM is stippled
to show its
extent.
The total volume of material
(bovine)
has been estimated
(Adler and Severin,
1981b) at
30-100 microliters.
The inner margin of the IPS
is defined by the intercellular
junctions
which
make up the external
limiting
membrane (ELM) of
the neural retina
(Figure 3). Each photoreceptor
is isolated
by Muller cell processes,
and the
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Fig. 2: SEM of frog retina fixed with
glutaraldehyde
and osmium tetroxide
then
fractured
to expose the outer retina.
The
retinal
pigment epithelium
(RPE) has broken free
at its base.
The rod photoreceptor
outer
segments (ROS) are closely packed and retain
their intimate
relation
to RPE. Bar= 10 µm.

of t he Retin a

Fig. 4: TEM of a horizontal
section of rat
retina at the level of the external
limiting
membrane (ELM). Each photoreceptor
(P) is
encircled
by intercellular
junctions
and by
Muller cell (M) cytoplasm.
Bar= 1 µm.

Fig. 5: SEM survey of the apical surface of rat
RPE following careful removal of the neural
retina.
Cell outlines
are visible,
each cell is
slightly
elevated in the center;
the surface is
carpeted by membranous processes of the RPE.
Bar= 10 µm.

Fig. 3: TEMof rat retina at the level of the
external
limiting
membrane (ELM) formed by
intercellular
junctions
between Muller cells (M)
and photoreceptors
(PN = photoreceptor
nucleus),
and which demarcates the inner limit of the
interphotoreceptor
space (IPS).
Small
microvillous
projections
(MV) comprise the
terminal element of the Muller cells and protrude
into the interphotoreceptor
space between the
photoreceptor
inner segments (RIS).
Bar= 1 µm .

slightly
crowned, and the outlines
of the
individual
cells can be seen, in contrast
to the
results
obtained with monkey retina (Sakuragawa
and Kuwabara, 1976). At higher magnification
(Fig. 6), the carpet of slender processes can be
seen to rise from broad leaf-like
processes which
lie deeper, closer to the main cytoplasmic mass
of the RPE.

use with albino rat retinae.
The apical RPE
surface is found to be uniformly covered with
microvillous
processes
(Fig. 5), the cells are
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Brief acetone treatment of a rat RPE explant
has resulted
in a partial
solubilization,
with
loss of the plasma membrane, the microvilli,
and
the apical cytoplasm.
What remains (Fig. 7) is
the major three-dimensional
structure
of the RPE
junctions.
The filament bundles of the adhering
zonules form a grid at the level of the
apicolateral
margin which may serve to anchor the
upper portion of the RPE cytoplasm and provide a
fixed base for the apical extension of the
microvillous
fringe processes.
The interphotoreceptor
matrix

Fig. 6: SEM of apical RPE surface at higher
magnification
shows the broad leaf-like
configuration
of the fringe processes,
with
slender filamentous
extensions
rising from the
leaf-like
base . Bar= 1 µrn .
Fig. 7: SEM survey of the apical surface of rat
RPE following a brief exposure to acetone during
the dehydration
steps resulting
in the loss of
plasma membrane and much of the apical
cytoplasm.
The individual
RPE cells are outlined
by the polygonal array of the filament bundles of
the zonulae adherentes.
The cell nuclei (arrows)
are prominent; most of the RPE cells are
binucleate.
Bar= 10 µm.

Histochemical
observations
(Sidman and
Wislocki,
1954) on cryostat
sections
provided the
first indications
of acid mucopolysaccharides
as
the extracellular
substance filling
the IPS.
Subsequent histochemical
studies using freezesubstitution
methods (Sidman, 1958; Zimmerman,
1958; Zimmerman and Eastham, 1959) showed the
acid mucopolysaccharides
of the IPM were
metachromatic and stainable
with a variety of
cationic
dyes including Alcian blue, Toluidine
blue, colloidal
iron, and phosphotungstic
acid at
low pH.
Biochemical studies of IPM were initially
developed by Berman (1964) who showed (Berman and
Bach, 1968) that IPM could be washed both from
RPE and from neural retina,
that it was twothirds chondroitin
sulfate,
25% sialic
acid
enriched,
and about 10% of the carbohydrate
was
hyaluronic acid.
More recently Lai et al. (1982)
have demonstrated that it is possible · to obtain a
consistent
IPM fraction,
free of contamination
from adjacent retinal
tissues,
and distinct
from
clinically
manifested
subretinal
fluids.
Adler
(Adler and Severin,
1981a and b; Adler and
Klucznik, 1982) has shown the preponderance
of
proteinaceous
components in matrix over the
glycosaminoglycans,
and has further suggested
that most of the proteins
can be identified
as
derived either from RPE or from photoreceptors.
As stated earlier,
three cell types may
contribute
to the IPM (photoreceptors,
RPE, and
Muller cells)
and at least two have been
suggested as likely candidates.
Rohlich (1970)
observed matrix-like
material
in tubules and
vesicles within the RPE, while Fine and Zimmerman
(1963) noted similar materials
in Golgi cisternae
of photoreceptor
inner segments.
Ocumpaugh and
Young (1966) found autoradiographic
evidence with
incorporation
of labeled sulfate
into the
photoreceptors.
Feeney (1973b) may have taken th e
wisest course in attributing
the origin of IPM to
surface coat material.
Our own studies of IPM have followed the
pattern (Rohlich,
1970; Luft, 1971; Feeney,
1973b) of adding cationic
agents to the fixative,
with the major observations
made by scanning
electron microscopy (Philp and Bernstein,
1979).
In our hands ruthenium red gave superior
results
in retaining
extracellular
materials.
Adult frog retinae were used for these studies,
and tissue fixed in glutaraldehyde
(Fig. 8)
provides a typical SEM control showing very
little
in the way of IPM on the surfaces of the
photoreceptors.
With RR added to the aldehyde
fixative
(Fig. 9) there is a striking
increase in
the matrix material
that is retained.
To
characterize
the matrix material,
enzyme

Fig. 8: SEM of frog retina following routine
fixation
in 2% glutaraldehyde
buffered with 0.1M
cacodylate.
The smaller bright structure
is a
cone (C) photoreceptor,
the taller
structures
are
rods.
A second cone rec ept or is visible
deeper
in a recess between adjacent rods . Both rod
outer segments (ROS) and inner segments (RIS) are
seen.
Bar = 10 µm.

Fig. 9: SEM of frog retina fixed as in Fig. 8,
but with 0,5% ruthenium red added to the
glutaraldehyde.
Quantities
of the
interphotoreceptor
matrix (IPM) are retained,
covering the structures
seen in Fig. 8. The
location
of a presumptive rod outer segment (ROS)
is indicated.
Bar = 10 µm.
Fig. 10: SEM of frog retina incubated with 0.1%
hyaluronidase
prior to fixation
in buffered
glutaraldehyde
with ruthenium red.
The matrix
has been largely depleted.
Clusters of melanin
granules
(PG) are seen on the surface of rod
outer segments (ROS). Several of the inner
segments (RIS) have apparently
broken loose from
their attachments . Bar= 10 µm.
Fig . 11: SEM of frog retina incubated with 0.1%
trypsin prior to fixation
in buffered
glutaraldehyde
containing
ruthenium red.
The
interphotoreceptor
matrix has been removed and
pigment granules
(PG) on the photoreceptor
surface (ROS; RIS) are exposed.
Bar= 10 µm.

digestions
were employed to evaluate the
sensitivity
of the matrix to specific
hydrolysis
with hyaluronidase,
neuraminidase,
and trypsin.
Neuraminidase and hyaluronidase
gave equivalent
results
(Fig. 10) in removing a major fraction
of
matrix material.
Interestingly,
the trypsin
treatment
(Fig. 11) gave the subjective
impression of leaving the cleanest product,
i.e.,
most nearly free of matrix.
When the neural retina is placed vitreal
surface down, then the rod outer segments are
seen end-on, showing (Fig 12) the remarkable
uniformity
and the regular spacing of the outer
segments.
Fixed in glutaraldehyde
containing
PR
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Fig. 12: SEM of frog neural retina fixed in
buffered glutaraldehyde.
In this control
preparation
a four mm biopsy punch of retina has
been removed from the posterior
eye cup, a
matching circle of filter
membrane is laid on the
vitreal
surface of the retina,
then gently lifted
off and inverted to expose the detached outer
segments (ROS). Bar= 10 µm.

MH

Fig. 14: SEM of apical surface of frog RPE in a
complementary preparation
to that of Fig. 13,
Following removal of the neural retina,
the frog
RPE is fixed in buffered glutaraldehyde
containing
ruthenium red, then the apical surface
is examined by SEM. Not only is the
interphotoreceptor
matrix well preserved,
but
also the holes corresponding
to sites where the
outer segments have been detached have also been
preserved.
Bar= 10 µm.
neural retina,
then a series of "holes" or
regions where matrix has been displaced can be
seen (Fig. 14), the sites where outer segments
have been removed.
Discussion
The interphotoreceptor
space is a legitimate
part of the configuration
of the vertebrate
retina.
The IPS is the adult representation
of
the lumen within the primordial
optic vesicle,
and is normally filled
with interphotoreceptor
matrix.
It is only as a consequence of disease
or trauma that the IPS becomes distended and
enlarged and may secondarily
fill with a
"subretinal
fluid".
Portions of three specific
cell types are in
contact with and may contribute
to the IPM.
These include most prominently
the photoreceptors
with their compartmentalized
inner and outer
segments. The protein synthetic
machinery along
with a concentration
of energy producing
mitochondria
are contained in the inner segment,
the light-sensitive
transducing
elements comprise
the disk membranes of the outer segment.
Autoradiographic
studies
(for review see Young and
Bok, 1979) have shown that low molecular weight
precursor materials
enter the retina from the
choriocapillaris
by way of the RPE to support the
synthesis
of new outer segment membranes.
Rhodopsin is the major glycoprotein
of the outer
segment (Basinger et al.,
1976; Heth and
Bernstein,
1983) and has proven to be a very
stable membrane component.
Retinol is the

Fig. 13: SEM of frog neural retina,
preparation
as in Fig. 12 with the addition of ruthenium red
to the glutaraldehyde
fixative.
The
interphotoreceptor
matrix (IPM) is largely
retained and can be seen dispersed
among the
photoreceptors
(ROS). Bar= 10 µm.
(Fig. 13) the packing character
of the matrix is
more evident,
both as it covers the outer
segments and as it fills
the interstitial
spaces
between photoreceptors.
When the complementary
portion of the preparation
is examined, i.e.,
when the RPE is viewed after removal of the

864

Int e rphotoreceptor

Ma tri x of the Retina

vitamin A-derived prosthetic
group of rhodopsin
and requires special handling for transport,
involving specific
retinol-binding
proteins
(Bok
and Heller,
1976; Saari and Futterman,
1976).
Adler and Severin (198l a )have shown that the IPM
contains a major 140,000 mol. wt. glycoprotein
component that is identified
as an
interphotoreceptor
retinol-binding
protein
(IRBP). This matrix protein would appear to
complete the retinol
transport
system, with
separate serum-, RPE-, and IPM retinol-binding
proteins.
The retinal
pigment epithelium
is the other
major cell contributing
materials
to the
interphotoreceptor
matrix.
Permeability
and
metabolic uptake studies all show the major
access route is from the choriocapillaris
through
the RPE to the neural retina.
A major function
of the RPE is the ingestion
and degradation
of
shed outer segments (Bok and Young, 1979).
RPE
organelles
play a major role in this
performance.
Mobilization
of RPE
microperoxisomes
and lysosomes has been
demonstrated
(Lo and Bernstein,
1981; Bernstein,
1982) as an element of this phagocytic
response.
Adler and Martin (1983) have reported
the presence of lysosomal acid protease in the
interphotoreceptor
matrix, with almost 10% of the
total activity
as a distal matrix component,
i.e.,
adjacent to the RPE.
The Muller cells end with small microvillous
projections
above the external
limiting membrane
thus bringing these cells into contact with the
IPM. The small size of the endings and the role
of the Muller cell as an ion pump (Tomita, 1976)
suggest that these cell endings may serve as
sensors of the ionic balance of the
interphotoreceptor
matrix and as possible ion
pathways.
This possibility
would suggest that
all three cell types are contributing
to the IPM.
Additional
studies of the interphotoreceptor
matrix will be made in the near future and should
provide further
insights
and understanding
of the
complex systems that govern visual function
within the retina.
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elements and the IPS by traversing
the RPE. Much
less information is available
about waste and/or
exit paths from the IPS.
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A. Adler:
Is it known which types of molecules
are stained by ruthenium red? (If glycoproteins
are stained,
as well as glycosaminoglycans,
then
it is not surprising
that trypsin destroys the
stained matrix components, as seen in Fig. 11.)
Author:
Ruthenium red is considered to have an
affinity
for surface coat carbohydrate residues.
In the absence of further specification,
both
glycosaminoglycans
and glycoproteins
are probably
stained.

Lo W-K, Bernstein MH. (1981).
Daily patterns of
the retinal
pigment epithelium.
Microperoxisomes
and phagosomes.
Exp. Eye Res. E, 1-10.

A. Adler: Would you care to speculate on how the
IPM staining differences
seen in RCS rats (LaVail
et al., 1981, Invest. Ophthal. Vis. Sci. 21, 658)
may relate to defects in phagocytosis?
Author:
Any imbalance in phagocytic mechanisms
either in relation
to photoreceptors
and disk
shedding, or to ingestion and degradation by RPE
would probably be reflected
in the IPM.

of

Young RW, Bok D. (1979).
Metabolism of the
retinal
pigment epithelium,
In: The Retinal
Pigment Epithelium,
Zinn KM, Marmor MF (eds.),
Harvard Univ. Press, Cambridge, MA 103-123.
Zimmerman LE. (1958).
Applications
of
histochemical
methods for the demonstration
acid mucopolysaccharides
to ophthalmic
pathology.
Trans. Amer. Acad. Ophthalmol.
g, 697-701.
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A. Adler:
The presence of Muller-cell
processes
in the IPS is often neglected.
Could you
elaborate on their ion-pumping function,
and its
relation
to the retina and to the IPM?
Author:
The broad distribution
of Muller cells
through all levels of the neural retina puts them
in strategic
position to play a significant
role

of
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in modulating the ionic balance of the neural
retina.
Tomita (1976) has suggested the Muller cell
functions
like a K+ electrode,
and that it is
responsible
for at least one component of the
ERG. Distal microvilli
present in a remote site
(i.e.,
Muller cell microvilli
in IPS) may fulfill
a role in sensing ionic or other conditions
at
the remote site.
Enteroendocrine
cells in the
digestive
tract may provide an illustrative
model.

elements as components of the IPS per se, but to
indicate
them as the primary occupants.
The IPS
is essentially
filled
with protrusions
of three
retinal
cell types and the interstitial
regions
between the various cell parts are filled
with
matrix.
Reviewer #4: It does not seem that figures
12
and 13 support your statement that the
interphotoreceptor
matrix serves to maintain the
position
and spacing of the photoreceptors.
In
the preparation
in which ruthenium red was not
included in the primary fixative
solution,
the
orientation
of the photoreceptors
appears very
similar,
if not identical,
to the orientation
when ruthenium red was included in the primary
fixative
solution.
If your belief that the IPM
provides physical support for the photoreceptors
is correct,
one would expect the photoreceptors
in figure 12 to be nonoriented
to some degree
since much of the IPM is presumably absent.
How
do you explain this?
Author:
It is our view that the IPM provides an
interstitial
packing material
that may provide
some physical support for the photoreceptors
whi l e also serving to restrict
metabolic access
and exchange.
It seems plausible
that the
photoreceptors
may have sufficient
intrinsic
support from cytoskeletal
elements to sustain
them in place through what is a careful though
rigorous specimen preparation.

A. Adler:
Active transport
of ions and water has
also been studied in RPE and ROS. Do you see any
role for these cell-membrane pumps in IPM
maintenance and function?
Author:
Maintenance and function of IPM must be
remarkably sensitive
to ion and water balance to
permit the highly soluble IPM to function in
permitting
a limited exchange of metabolites
in
support of photoreceptor
function.
Reviewer #1: Have you ever utilized
cetylpyridinium
chloride
(CPC) to reveal the
polyanions of the interphotoreceptor
matrix?
Author:
CPC was screened briefly,
but in our
hands proved to be a harsh reagent that gave
coagulation
and precipitation
artifacts.
Reviewer #1: Could you classify
the apical
cytoplasmic
process of the RPE as microvilli,
suggested by many authors?
Author:
The apical processes of the RPE are
certainly
microvilli,
but such a general
descriptor
seems inadequate
to deal with the
intrinsic
variety of the RPE fringe processes.

of the Retina

as

Author's comment: (Note added In Press) The
strong interest
of the vision research community
in the IPM and particularly
in the interstitial
retinal-binding
protein is evidenced by the
following articles
which have come to our
attention
in recent months.

Reviewer #1: Have you ever digested the IPM with
enzymes known to be specific
for various GAG
components of the matrix, such as leach or
streptomyces
hyaluronidase,
heparatinase,
keratanase,
etc.?
Author:
We have not used enzymes of great
specificity.
The biochemical characterization
and the reproducibility
of IPM preparations
is
too uncertain
in our hands to sustain efforts
as
specific
identifications
of constituents.
More
direct approaches would seem to offer better
prospects.

Fliesler
SJ,
Glycoprotein
localization
Exp. Eye Res.

Tabor GA, Hollyfield
JG. (1984).
synthesis
in the hl.llllan retina:
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pathway.
39, 152-173.

Fong S-L, Liou GI, Landers RA, Alvarez RA,
Bridges CDB. (1984). Purification
and
characterization
of a retinol-binding
glycoprotein
synthesized
and secreted by bovine
neural retina.
J. Biol. Chem. 259, 6534-6542.
Fong S-L, Liou GI, Landers RA, Alvarez RA,
Gonzalez-Fernandez
F, Glazebrook PA, Lam DMK,
Bridges CDB. (1984). Characterization,
localization
and biosynthesis
of an interstitial
retinol-binding
glycoprotein
in the human eye. J.
Neurochem. 42, 1667-1676.

Reviewer #1: Have you done any biochemical
analysis
of the IPM, other than enzyme digestion?
Author:
We have only attempted very rudimentary
biochemical analysis.
Reviewer i/4: The t erm "interphotoreceptor
space" refers literally
to the extracellular
space between photoreceptors.
It represents
the
once prominent lumen of the embryonic optic
vesicle and is lined by the apical surfaces of
the neural retina and retinal
pigmented
epithelium.
Therefore,
it is my opinion that the
photoreceptor
inner and outer segments, the
apical cellular
processes of the Muller cell
should not be considered as "formed structures
of
the interphotoreceptor
space".
What is your
justification
for including
these structures
as
components of the interphotoreceptor
space?
Author:
The intent was not to identify
these

Gonzalez-Fernandez
F, Landers RA, Glazebrook PA,
Fong S-L, Liou GI, Lam DMK, Bridges CDB. (1984).
An extracellular
retinol-binding
glycoprotein
in
the eyes of mutant rats with retinal
dystrophy-development, localization,
and biosynthesis.
J.
Cell Biol. 99, 2092-2098.
Hollyfield
JG, Fliesler
SJ, Rayborn ME, Fong S-L,
Landers RA, Bridges CDB. (1985). Synthesis and
secretion
of interstitial
retinal-binding
protein
by the human retina.
Invest.
0pthalmol. Vis. Sci.
26, 58-67.
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F. (1982). Vitamin A transport
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an
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protein).
Vis.
Res. 22, 1457-1467.
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soluble interphotoreceptor
retinol-binding
protein (IRBP) in the retinal
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